INTRODUCTION
The brachiopods forming the subject of this report were collected by McClelland Dings, F. Stearns MacNeil, Delos E. Flint, Maxim M. Elias, Raymond A. Saplis, Warren Fuller, and Gilbert Corwin during a geological survey of Okinawa by the U. S. Geological Survey in 1946-48. The collection numbering about 500 specimens contains new and interesting species. In addition to the Geological Survey collection, the writer studied about 125 specimens from Katchin Hanto Peninsula, southern Okinawa, collected by Allan Graffam and belonging to the National Museum. These two collections add substantially to our knowledge of the brachiopods. The Geological Survey collection is deposited in the National Museum.
Before the present study little was known of the brachiopods of the Ryukyu Islands and Okinawa. Hanzawa (1935) made a study of these islands and the southwest coast of Formosa over a period of several years ending in 1932. Brachiopods collected by him from the "Ryukyu limestone" were described in 1935 by Yabe and Hatai. These authors recognized seven species, five of which are represented in the collections from Okinawa in the Geological Survey and the National Museum. Not all the species recorded by Yabe and Hatai are from Okinawa, some are from Kikai Island and Formosa. Discinisca kamikatetuensis Yabe and Hatai, one of the seven species, was not seen in the collections from Okinawa. Neohemithyris lucida (Gould) another species from this island group mentioned by Yabe and Hatai proves to belong to the genus Basiliola. The other five species are: Gryphus hanzawai Y. and H., Jolonica ryukyuensis Y. and H., Japanithyris (here referred to Campages) nipponensis Yabe and Hatai, Pictothyris picta (Dillwyn) and Kikaithyris hanzawai (Yabe) . Only the last two are reported from Okinawa by Yabe and Hatai.
The only other brachiopod from Okinawa beside those mentioned above is Terebratulina japonica (Sowerby) reported by Hatai (1940, p. 228 ) despite the fact that Yabe and Hatai (1935, p. 94 ) remark on the absence of Terebratulina from the Ryukyus. They also state that Craniscus, Campages, and Lagueus are lacking, but specimens of the last two genera are in the Geological Survey collection. Furthermore, Yabe and Hatai did not suspect that their Japanithyris was, in reality, a species of Campages.
The complete list of Okinawa brachiopods is arranged below by geological horizon: Miocene (Yonabaru clay) The above list increases the generic representation of a fauna having affinities with Japanese faunas fossil and Kecent. Hitherto only one rhynchonellid was known from Okinawa. Now, four representing three genera are known. Basiliola is reported for the first time from this region. Heretofore the genus was known only from Hawaii, Borneo, the Celebes, and the Philippines. Tegulorhynchia doderleini, known today in Japanese waters and southward to Borneo, is here reported in the fossil state for the first time. Rhytirhynchia hataiana is a newcomer to the Japanese realm. Its closest affinities are with another species of the genus from the Indian Ocean.
lerebratulina is widespread and is known in Japanese waters as well as areas from Japan southward through the Philippines and on to Australia. The species from Okinawa are like living forms and present no unusual features.
Gryphus is another genus of wide distribution occurring in Japanese waters, the East Indies, and Australia. Gryphus stearnsi is reported for the first time as a fossil, but the specimens seem to be closely related to the living forms. Gryphus hanzawai is unusual for its small size and elongated form, but several species having this form are known from Tertiary beds in *Not found In the U. S. Geological Survey collections. New Zealand and Australia. A small specimen in the National Museum collection of Recent brachiopods not unlike that of G. hanzawai (pi. 3, fig. 32-39 ) was called G. damdsoni by Dall.
Frenulina is a common Recent brachiopod, being known from the Hawaiian Islands and Japan south around the Philippines to the Celebes, but is rare as a fossil.
Jolonica has hitherto been a poorly known genus. It lives in waters of the Philippines and the Malay Archipelago. A small species occurs in Japanese waters. Fossil species of the genus are not rare on Okinawa one species occurs in the Miocene (Yonabaru clay) and two others are known from the higher Naha limestone. Laqueus is more closely related to Japanese forms as its range south is, so far as known, not extensive. Dallina is likewise common in Japanese waters but has also been identified in the Miocene of Fiji.
Pictothyris is a Japanese genus. Kikaithyris is a closely related form but is not known to be living.
The specimens here referred to Campages were identified as Japanithyris by Yabe and Hatai. The relationship of these genera has been clouded by uncertainty concerning the interior details of the Japanese Japanithyris mariae. This is now known to be identical to Campages basilanica making Japanithyris a junior synonym of Campages, At any rate Campages is in Japanese seas as well as from the waters of the Philippines.
The affinities of the Okinawa brachiopods thus prove to be predominantly with Japanese species living and fossil, but connections with the Philippines are also clearly indicated.
SYNONYMY AND REFERENCES
Nearly all that is known about Japanese Tertiary and Recent brachiopods is summarized by Hatai (1940) in an exhaustive, well illustrated treatise. Therefore, it seems unnecessary in the present work to give detailed synonymies, and I have cited only the original description, an easily accessible publication, and the reference in Hatai 1940 . Little has been done since 1940.
The same remarks hold for references because Hatai (1940) gives many pages of bibliography. Only the major works referred to beside Hatai, and pertinent reports published after 1940, are cited here.
AGE OF THE BRACHIOPODS
The Yonabaru clay is the oldest Tertiary formation yielding brachiopods. Only one species, the oldest species of Jolonica known occurs in this formation.
The age of the Shinzato tuff is Miocene or Pliocene. This has yielded five brachiopods which include the Jolonica, from below and three species that also appear in younger formations.
Locality 17480 has not yet been properly dated. It is believed to belong either to the Shinzato tuff or to the Chinen sand. The brachiopod assemblage from this formation contains Dallina, and Tegulorhynchia,, genera not seen in any of the other formations.
The Chinen sand is the lowest deposit of the Pliocene but has yielded only three brachiopods, one with connections to the Miocene but the other two appearing in higher rocks.
The Pliocene (Naha limestone) has yielded the largest number of brachiopods, 17 named species. Some of these species are restricted to this formation but there are a few survivors from the Chinen sand.
The Yontan limestone, highest and youngest of the formations contains 5 named species all of which are present in the underlying Naha limestone.
Hatai (1939, p. 476) referred the Okinawa brachiopods described by him and Yabe to the early Pleistocene. According to him the upper Pleistocene deposits contain only species of brachiopods that are living today.
The foregoing ages of these sediments are based on fossils other than brachiopods, which at present are too little known to be diagnostic guide fossils.
LOCALITIES
The numbers given below are those assigned to the various localities on Okinawa. The initials and numbers following the locality designation refer to the collector and his field number, as follows: DF=Delos E. Flint Kikaithyris hanzawai (Yabe) 17605 (DF 125) Naha limestone, small quarry halfway between Goechi (Koechi) and Jahana. Kikaithyris hanzawai (Yabe) 17606 (DF 142) Naha limestone, quarry near coast 1.25 miles due north of Yonamine.
Frenulina sanguinolenta (Gmelin)
Terebratulina subcarinata Cooper, n. sp.
17607 (DF 143) Naha limestone, in road cut on secondary road to beach, 0.5 mile north-northeast of Sakiyama, almost on the beach.
Kikaithyris hanzawai (Yabe) 17609 (ME 2) Naha limestone (18 feet above the base), point 3 on road map by Maxim M. Elias. Shell of about medium size for the genus, transversely pentagonal in outline; greatest width at middle; sides narrowly rounded; anterior margin truncated; valves of unequal depth, the brachial valve having the greater depth; anterior commissure strongly uniplicate; surface lamellose and costellate, a spine being produced anteriorly from each costella on each overlapping lamella.
Gryphus hanzawai
Pedicle valve unevenly convex in lateral profile, the posterior half being gently convex but the anterior half flattened; anterior profile nearly flat to gently convex; beak nearly straight, pointed; foramen elongate-oval, hypothyrid; deltidial plates thickened, conjunct in the adult; umbonal and posterior regions somewhat inflated; sulcus originating in anterior half or third, appearing abruptly, deep and wide, extending anteriorly as a broadly rounded but short tongue; flanks flattened and with gentle slopes.
Brachial valve moderately convex in lateral profile, the anterior half or two-thirds convex but the posterior flattened; anterior profile broadly and roundly domed; umbonal region flattened; median region swollen, the swelling continued to the anterior margin as a short low rounded fold, not strongly demarcated from the flanks; umbonal slopes gentle; flanks gently swollen and with steep lateral slopes.
Interior. Pedicle valve with small thick teeth buttressed by strong dental plates; flabellate diductor scars enclosing the adductor impressions. Brachial valve without a cardinal process, the diductor muscles being attached in a transverse pit; socket ridges thick and stout united with concave plates to form deep, corrugated sockets; crural bases attached to sides of socket ridges without hingeplates intervening; crura short and stout. Discussion. This species is of considerable interest because it is the only known living spiny rhynchonellid and this is the first report of it as a fossil. The figured specimens and a few others in the collection are exceptionally well preserved and make it possible to illustrate features of the interior hitherto little known.
Measurements, in millimeters
In the living state this species occurs in the China Sea and off Borneo as well as in the waters off Japan where it was originally found. Its known depth range is from 160 down to 340 fathoms. The specimens (USNM 299761) from Borneo are larger than the fossil forms here described.
Other living species of Tegulorhynchia are confined to Australian and Antarctic waters, at any rate to the extreme southern part of the Southern Hemisphere. This is true also of the fossil forms, which occur in the Tertiary of Australia, Tasmania, and New Zealand. One species from Patagonia hitherto classified as Tegulorhynchia is now referred to another genus. A Belgian species assigned here is doubtfully placed.
Compared with Recent specimens of T. doderleini the Okinawa examples are smaller and seem to be somewhat more finely ornamented. The specimens may, however, not be fully grown. Counts of the costellae at one, five, and 10 millimeters anterior to the beak of a large specimen (USNM 299761) are similar to counts made at the same intervals on one of the Okinawa specimens (USNM 549317a). Small for the genus, longer than wide; subpentagonal in outline with the maximum width slightly anterior to the middle; brachial valve deeper than the pedicle valve; posterolateral margins slightly concave and forming an apical angle of 85°; sides broadly rounded; anterior margin truncated; anterior commissure strongly uniplicate; surface smooth.
Pedicle valve having an even and gently convex lateral profile; anterior profile broadly and gently convex; beak moderately long, nearly straight; foramen small, elongate-oval, submesothyrid; deltidial plates conjunct but with slightly inflected posterior margin; umbonal and median regions gently swollen; sulcus poorly defined, originating in the anterior third; tongue moderately long and broadly truncated anteriorly; flanks gently swollen.
Brachial valve with lateral profile evenly and moderately convex, much more convex than that of the pedicle valve; anterior profile broadly domed and with short precipitous sides; entire valve swollen and with the sides extended to meet the tongue of the pedicle valve.
Interior. Unknown. Discussion. This species is characterized by its small size, subpentagonal to oval outline, smooth surface, short beak and broad, truncated tongue on the pedicle valve. This may be the same species as Yabe and Hatai (1935) referred to Neohemithyris lucida (Gould). The specimen on which the foregoing description is based is an adult as shown by the thick shell and anterior concentration of growth lines. Consequently it cannot be referred to Gould's species which is larger and has a somewhat narrowly rounded tongue.
Neohemithyris is now placed in the synonymy of Basiliola, an older name. This is necessary because Neohemithyris has the beak characters and interior features of Basiliola.
Basiliola sp.
Plate 1, figures [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Shell of about medium size for the genus; length and width nearly equal; outline subpentagonal; sides broadly rounded; anterior margin truncated; anterior commissure strongly uniplicate. Surface smooth.
Pedicle valve nearly flat in lateral profile but with the umbonal region slightly swollen; anterior profile nearly flat; beak short, obliquely truncated, nearly straight; foramen small circular, submesothyrid; deltidial plates conjunct, with elevated lip around anterior side of foramen; umbonal region gently inflated; sulcus originating at about the middle, broad and shallow; tongue moderately long, strongly rounded; flanks bounding sulcus slightly convex; umbonal slopes steep.
Brachial valve moderately convex in lateral profile, with the greatest curvature at the umbo; anterior profile strongly domed; umbo and median regions swollen, with precipitous lateral slopes, the entire front constituting a broad fold.
Interior. Pedicle valve with pedicle collar thin and entire; teeth small, dental plates thin forming narrow chambers between lamellae and valve wall; muscle field short; vascula media visible, subparallel branching near midvalve. Brachial valve with inner socket ridges thin, elevated and curved; outer hinge plates wide and flat; crura short, slightly curved, slightly divergent, concave inward. Discussion. The brachiopods here referred to Basiliola are not given a specific name because they are badly deformed. They show all of the characters of Basiliola. The best preserved specimen (USNM 549315a) compared to recent specimens of B. lucida is quite similar and has the same long, rounded tongue. This specimen, however, is a small one. Others in the same lot indicate a larger and broader species than B. lucida. The Okinawa form is probably a new species. This is the first report of Basiliola in the fossil state and the first report of it in a brachiopod assemblage made up of chiefly Japanese forms.
Rhytirhynchia Cooper, n. gen.
Usually small, subcircular to subpentagonal in outline; valves unequal in depth, the brachial valve having the greater depth; anterior commissure sulciplicate; surface smooth.
Pedicle valve with circular to oval foramen, submesothyrid to mesothyrid; deltidial plates conjunct, and with posterior lip reflected; deltidial plates vestigial to obsolete; teeth large, stout, elongated, corrugated; muscle area small confined; vascula media extending almost to front margin and sending off three branches laterally. Genital area small.
Brachial valve with stout cardinalia; cardinal process lacking; socket ridges curving, thin; sockets excavated in shell tissue, not formed of separate plates, corrugated. Outer hinge plates small, gently concave, united with socket ridges and stout crural base; crura moderately long, stout, gently curved, crescentic in cross section and with the concave surfaces facing inward; muscle area small, rounded and with the individual scars not separated; genital areas small; vascula media extending anterolaterally and branching, one branch extending laterally and the other anteriorly, each secondary branch dividing again. Discussion. The type species of this new genus has hitherto been placed in Hemithyris where it obviously does not belong because it is smooth, differently folded, has a lesser development of the dental lamellae, different foramen and deltidial plates and completely different cardinalia. Later, in 1927 Thomson (p. 157) placed Hemithyris sladeni in his genus Aetheia but it is not at home in this category.
Rhytirhynchia differs from Aetheia in the nature of the foramen and deltidial plates, the latter having a minute apical foramen and concave deltidial plates while the other has a fairly large pedicle opening and the deltidial plates are convex. The muscle field in the pedicle valve of Aetheia is large but. that of Rhytirhynchia is small. In the brachial valve the differences between the two genera are still more striking. The cardinalia of Aetheia are swollen and united medially and the median ridge is much thickened and ponderous. In Rhytirhynchia on the other hand the cardinalia are not overgrown and no median ridge or septum is present.
Rhytirhynchia differs from Basiliola in the nature of the folding, details of the deltidial plates and beak, arid in the absence of the prominent flat hinge plates in the cardinalia.
Rhytirhynchia sladeni (Dall) is known from seven specimens taken south of the Saya de Malha banks in the Indian Ocean and from R. hataiana Cooper n. sp. from Okinawa. A related form appears in the Eocene of the United States but its folding and beak characters are sufficient to establish it as a distinct genus of the same family. Rhytirhynchia sladeni was taken at a depth of 123 to 153 fathoms, but the bottom conditions were not reported. Although the specimen in the National Museum is smooth and clean it is reported (Dall, 1910, p. 439 ) that the brachiopods collected on the Sealark Expedition were encrusted with patches of worm-tubes, Bryozoa and sessile Foraminifera.
Rhytirhynchia hataiana Cooper, n. sp.
Plate 1, figures 1-16
Shell small, subtriangular to subpentagonal in outline; posterolateral margins forming an angle of about 85°; sides strongly rounded; anterior margin truncated; valves unequal in depth, the brachial valve having the greater depth; greatest width at about the middle; anterior commissure sulciplicate; surface smooth except for the short and abrupt anterior costation.
Pedicle valve gently and evenly convex in lateral profile; anterior profile broadly and flatly convex; beak bluntly pointed, nearly straight; foramen small, circular, mesothyrid; symphytium elongate; umbo narrowly rounded; median region gently inflated; sulcus TERTIAEY AND PLEISTOCENE BRACHIOPODS OF OKINAWA, ISLANDS 9 originating in the anterior third and extending onto a short truncated tongue.
Brachial valve moderately convex in lateral profile, more convex than the pedicle valve; anterior profile forming a round dome; umbonal and median regions strongly inflated, with steep sides and umbonal slopes; median fold defined only at the anterior.
Interior. Pedicle valve with strong, elongate teeth supported by receding, vestigial dental plates; other details obscure. Brachial valve without a cardinal process; socket ridges slender, outer hinge plates moderately broad and nearly flat; crural bases slender; crura short and broad, blunt, concave inward. Discussion. This little species suggests a miniature R. sladeni but other differences besides size can be seen. The beak of the pedicle valve of R. hataiana is more attenuated and the valve more triangular giving the species a more pentagonal or crudely triangular form than that of R. sladeni which is nearly circular. The anterior folding of the Okinawa species is not quite so pronounced as that of R. sladeni. The pedicle valve of the Okinawa species is deeper than that of the Indian Ocean species and the valves are thus less disproportionate in depth in R. hataiana, although the brachial valve is, nevertheless, much the deeper of the two.
Inside the pedicle valve the dental plates are somewhat more distinct in R. hataiana than in the modern species but this might be expected in the geologically older species. In the cardinalia of the Okinawa species the hinge plates separating the socket ridges and crural bases are wider than those of R. sladeni. However, the valves of R. sladeni are those of an old individual and are thickened by adventitious deposits.
The name of this pretty little species is given in honor of Dr. Kotora Hatai who has made great contributions to our knowledge of Japanese and Pacific brachiopods.
Superfamily Terebratulacea Waagen 1883
Family Cancellothyridae Thomson 1926 Terebratulina japonica (Sowerby) Terebratulina japonica (Sowerby) is characterized by its slender, elongate form and its sharp costellae. A few specimens in the collection from Okinawa are referable to this species but most of them are crushed or otherwise deformed and not suitable for illustration.
Horizon and locality. Naha limestone (basal sand), USGS 17482 (b, c).
Naha limestone, USGS 17461.
Discussion.-^-Terebratulina japonica has a surprisingly wide toleration of temperature range and bottom types. The species has been found in waters (Hatai 1940 -17 Fairly large for the genus, elongate-oval in outline; valves of subequal depth; greatest width anterior to the middle in the adult; sides rounded; anterior margin sub truncate; anterior commissure uniplicate; lateral commissure curved anteriorly, convex toward the pedicle valve. Surface marked by strong costellae at the beaks of both valves, but anteriorly the costellae become subdued and flattened about 18 in 5 millimeters near the front margin, appearance of a smooth shell.
Pedicle valve strongly convex in lateral profile with the maximum convexity at about the middle; anterior profile moderately convex with short steep sides; beak truncated, foramen large; umbonal and median regions swollen; anterior half flattened and sulcate; sulcus broad and shallow, producing a short, broadly rounded tongue; sides narrowly rounded and steep.
Brachial valve gently convex in lateral profile and with the maximum convexity at the middle; anterior profile narrowly domed and steep sided; median region from unbo to anterior margin swollen to form an illdefined fold, seen best at the anterior margin. Discussion. The holotype of this species is a large, fairly well-preserved specimen. Its most unusual feature is the fact that the deltidial plates, rather than being discrete as usual in the genus, unite medially. The union of the deltidial plates is a constant feature of the terebratulinid genus Cancellothyris and this appears to be the only character that differentiates it from Terebratulina. I hesitate to use the name Cancellothyris because none of the other large Terebratulinas in the collection preserves the deltidial plates as well as this one. The few that have them are discrete but they are all younger shells than the holotype. One large shell (USNM 549293b) does not have the deltidial plates preserved. Inasmuch as the foramen of the Okinawa shell is not labiate as in Cancellothyris it has been referred to Terebratulina.
Terebratulina perplexa is unlike any other described species in the Pacific region in its great depth and the subdued character of its ornamentation. It is most like T. peculiaris Hatai but differs in the greater thickness, somewhat more attenuated beak, and the subdued ornamentation of the body of the shell. It agrees in ornamentation with T. peculiaris in the presence of strong, obscurely granulated costellae on the umbones of both valves but anteriorly the bifurcated and intercalated costellae are low, flattened, crowded and the striae between the costellae are narrower than the costellae, giving the appearance of an anteriorly smooth shell.
Plate 2, figures [18] [19] [20] [21] [22] [23] [24] [25] [26] Shell small for the genus, elongate-oval in outline; sides broadly rounded; anterior margin narrowly rounded; anterior commissure narrowly uniplicate; surface strongly costellate, about four costellae to the millimeter at the anterior margin.
Pedicle valve moderately convex in lateral profile; anterior profile gently and broadly convex but with the median part slightly depressed; foramen and deltidial plates as usual in the genus. Umbo gently swollen; sulcus narrow and shallow, originating just anterior to the umbo; flanks bounding sulcus gently inflated but narrow.
Brachial valve gently convex in lateral profile; broadly and fairly strongly convex in anterior profile; umbo and median regions swollen, the swelling extending to the anterior margin as a fold commonly somewhat keeled, less commonly inconspicuous; flanks with moderately steep slopes to the margins. Discussion. This is a small species usually about 10 millimeters in length. It is also usually strongly costellate and more or less strongly keeled on the brachial valve. It is thus unlike any of the described Japanese Terebratulinas. It is suggestive of some forms of T. reevei Ball from the Philippines which are strongly costellate and strongly keeled. These are also provided with strongly beaded costellae and thus suggest the genus Surugathyris. They are however, unlike the Okinawa species in form because they are more strongly keeled and have distinct posterolateral shoulders.
The Philippine keeled forms referred to T. reevei appear to be incorrectly placed because the type specimen (USNM 111064) of that species is an elongate form, finely costellate and without a keel. It is considerably longer and larger than the keeled specimens which probably are an undescribed species.
Terebratulina sp. 1 Plate 2, figures [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] Small for the genus, longer than wide, oval in outline; greatest width anterior to the middle; pedicle valve slightly deeper f-han the brachial valve; anterior commissure uniplicate; surface finely costellate, the costellae narrowly elevated, rounded and separated by striae narrower than the costellae.
Pedicle valve fairly strongly convex in lateral profile, most convex in the umbonal region; anterior profile strongly domed; umbonal and median regions swollen; sulcus originating near midvalve, narrow and shallow; flanks moderately swollen and with moderately steep sides. Beak as usual for the genus.
Brachial valve moderately convex in lateral profile and with the maximum convexity just posterior to the middle; anterior profile somewhat narrowly domed but not so strongly as the pedicle valve; median region strongly swollen with steep lateral slopes but a long and moderately steep anterior slope. Small for the genus; elongate-oval in outline with the sides gently rounded but the anterior margin narrowly rounded; greatest width slightly anterior to the middle; anterior commissure rectimarginate; lateral commissure straight; valves of unequal depth, the pedicle valve having the greater depth; surface smooth.
Measurements, in millimeters
Pedicle valve moderately convex hi lateral profile but narrowly rounded in anterior profile; beak somewhat elongated, suberect; foramen small, round, permesothyrid; symphytium concave, not obscured by the beak; median region from beak to base strongly swollen; sides steep.
Brachial valve evenly and gently convex in lateral profile; moderately domed in anterior profile but not quite so strongly convex as the pedicle valve; all parts of valve swollen but sides short and steep.
Interior. Pedicle valve without dental plates but with stout teeth. Brachial valve with short, narrow, parallel-sided loop with broad transverse ribbon; hinge plates, triangular, fairly broad and slightly concave.

549312.
Specimen
Brachial Discussion. This is a most unusual species of Gryphus because of its small size and elongate, slender form. The species suggests the small Campages nipponensis (Y. and H.) with which it occurs. However, it has a straighter beak and no median septum can be seen through the shell.
A fragmentary specimen (USNM 549338) in the Geological Survey collection had the brachial valve stripped away to show the terebratulid loop from the dorsal side, thus confirming the determination by Yabe and Hatai (1935 Large, oval in the young (see figs. 42-46) but triangular in outline in the adult; valves of unequal depth, the pedicle valve having the greater depth sides nearly straight; anterolateral extremities narrowly rounded; anterior margin broadly rounded; greatest width in the anterior third; anterior commissure faintly and broadly uniplicate; lateral commissure broadly curved toward the brachial valve except anteriorly where it is narrowly curved toward the pedicle valve; surface marked only by concentric lines of growth usually concentrated in the anterior region.
Pedicle valve moderately and evenly convex in lateral profile with the greatest convexity hi median region; anterior profile with median region convex but with sides short and dropping precipitately to the margins; beak narrow, suberect, strongly labiate; foramen round, fairly large, permesothyrid; umbo narrowly rounded, median regions gently inflated the slight swelling extending to the front margin; sides short and steep.
Brachial valve gently and evenly convex in lateral profile; anterior profile broadly and moderately domed; umbo narrow; median region from umbo to anterior margin gently inflated; sides descending by gentle slopes to the margins.
Interior. Pedicle interior not seen in specimens from Okinawa. Brachial interior with small transverse cardinal process and short, narrow, stout loop. Cardinalia with slender and moderately elevated socket ridge; outer hinge plate broad and moderately concave; crural bases low; crural process short, pointed; descending lamellae short; transverse ribbon broad not elevated but with a narrow median carina. Discussion. All of the specimens of this species except a young one are crushed but all seem to be typical, having the elongate triangular form characteristic for the species. This is the first report of the species in fossil condition.
In modern seas this species, according to Hatai (1940, p. 261) , is found from the west coast of Kyusyu north to Sagami Bay in the Pacific and also in the Korea Strait. The bathymetric range given by Hatai for G. stearnsi is 55 fathoms to 103 fathoms and the temperature range is 12.1° C. to 14.8° C. The bottom in the few instances in which this information is recorded is sand and gravel.
Gryphus sp, A single broken brachial valve without median septum but only with traces of the hinge plates is clearly referable to this genus. It is impossible to place this fragment specifically but it is quite unlike either Gryphus described herein. Thus a third species is indicated. Small, length and width nearly equal; rhomboidal to pentagonal in outline; posterolateral margins nearly straight, meeting to approximate a right angle; sides narrowly rounded; anterior margin rounded; anterior commissure sulcate; valves unequally convex, the pedicle valve having the greater convexity; surface smooth or marked by concentric growth lines and lamellae.
Pedicle valve moderately convex in lateral profile, fairly strongly convex in anterior profile; beak incurved, truncated, suberect; foramen large, mesothyrid; symphytium entire; umbo swollen, the swelling continued anteriorly as a ridge or fold to the front margin; flanks flattened and descending steeply to the margins.
Brachial valve gently convex in lateral profile, broadly and gently convex in anterior profile; umbo and median regions swollen but anterior third flattened or depressed to form a shallow sulcus; tongue of brachial valve short and rounded; flanks bounding sulcus moderately swollen. Discussion. This genus may be recognized by its small size and the sulcation of the anterior commissure. The specimens herein described are not well preserved and are somewhat exfoliated but seem to be characteristic of the species. Compared with modern specimens the degree of sulcation seems to be somewhat less and the sulcus somewhat broader but these are variable features.
This genus is one of the most widespread of modern Pacific brachiopods. In modern waters it can be recognized by its anterior sulcation and by the beautiful subradial dark red striping of the shells. It is known from the Hawaiian Islands to the Celebes. Shell small for the genus, longer than wide; elongateoval in outline; sides gently rounded; anterior margin narrowly rounded; greatest width just anterior to the middle; valves of unequal depth, the pedicle valve having the greater depth; anterior commissure faintly intraplicate; surface smooth or marked by overlapping concentric lamellae.
Pedicle valve strongly convex in lateral profile and with the maximum convexity at about the middle; anterior profile narrowly domed; sides precipitous; beak short, truncated, suberect; foramen fairly large, round, permesothyrid, labiate; umbo narrowly rounded; median and anterior regions swollen; sulcus defined in the anterior third or quarter, shallow and narrow, causing a dorsad wave in the anterior commissure.
Brachial valve moderately convex in lateral profile, broadly domed in anterior profile; median region moderately swollen; fold low, inconspicuous; flanks bounding fold low; anterolateral extremities pointed.
Interior. Interior of pedicle valve not known. Brachial interior with slender median septum reaching Discussion. This interesting and pretty little species can be recognized by its elongate-oval outline and the broadly but weakly intraplicate anterior commissure. This is a characteristic of the present genus Japanithyris to which Yabe and Hatai referred their species, although they had not seen the loop. The Okinawa specimens, in some instances are filled with crystalline calcite, a happy condition that makes it possible to prepare the loop (see pi. 3, figs. [22] [23] [24] .
Two prepared specimens of this species show the loop of Campages, not the type of loop said to belong to Japanithyris. This species was well described by Dall (1920); it seems unnecessary therefore to repeat the detailed description. Dall however, never figured his species on which he based the genus Jolonica. Consequently a full set of figures of the holotype and only specimen of D all's species is introduced here. This genus is an important one in Pacific waters of today and is proving to be a leading fossil in Pacific Tertiary deposits. Three species of Jolonica are reported here from Okinawa. Beside the type another modern species is known from Japanese waters.
Jolonica has a loop similar to that of Campages but the exterior form and other interior details are different. Inside the pedicle valve Jolonica is provided with strong dental plates but Campages has none. The anterior commissure of Jolonica is rectimarginate whereas that of Campages is broadly intraplicate according to Thomson (1927, p. 249) . Inside the brachial valve Campages has a complete, concave, hinge plate supported by the median septum, but the hinge-plate of Jolonica is divided and the median septum can be seen between the plates.
In modern waters Jolonica is known from off Jolo, Philippines, the Malay Archipelago, and off the Japanese Islands. The type species was found on sand in 318 fathoms. Of about mediam size for the genus; longer than wide; maximum width at the middle; outline elongate-oval; lateral margins gently rounded; valves of unequal depth, the pedicle valve having the greater depth; anterior margin truncated; anterior commissure rectimarginate to faintly sulcate; surface smooth.
Pedicle valve with moderately convex lateral profile and with the anterior profile narrowly domed; beak incurved, truncated, erect; foramen transversely elliptical, submesothyrid, umbo narrowly swollen, the swelling continuing anteriorly along the valve middle nearly to the front margin; sides steep.
Brachial valve gently convex in lateral profile; broadly and gently convex in anterior profile; median region gently swollen with moderately steep slopes laterally, but a longer and more gentle anterior slope.
Interior, Pedicle valve with strong and long dental plates; brachial valve with divided hinge-plate and a loop with slender descending branches, the transverse ribbon with prominent rounded notch facing in a dorsal direction and broad bands connecting the transverse ribbon with the descending branches. (For description of immature loop see discussion below.) Discussion. This species is characterized by its elongate form, transversely elliptical foramen, and a loop with a rounded notch in the transverse ribbon. In these respects it differs from all other species of the genus.
Three features of this species are unusual: (1) the elongate form is only like that of J. ryukyuensis Y. and H. (the type species is nearly circular); (2) the foramen is elliptical rather than circular as in other species; and (3) the loop is more slender and. delicate than in other species and the notch is rounded, not angular as in the type and J. ryukyuensis.
A small specimen, USNM 549335, with pedicle valve partially stripped away is assigned doubtfully to this species. The loop revealed shows descending lamellae attached to a divided hinge plate posteriorly and the median septum anteriorly. The median septum does not extend posteriorly to the hinge-plate. At the anterior a narrow hood is supported by the septum and descending lamellae. The general form of the specimen leads to its tentative association with J. elliptica. Although the complete loop development of Jolonica is unknown this specimen may represent one of the early stages. Large for the genus, elongate oval in outline; valves of unequal depth, the pedicle valve having the greater depth; sides broadly rounded; anterior narrowly rounded; greatest width at the middle; anterior commissure rectimarginate; lateral commissure straight; surface marked only by concentric lines of growth.
Pedicle valve with moderately and evenly convex lateral profile with the most convex part in the middle; anterior profile strongly domed and steep sided; beak large, moderately long, incurved, suberect to erect in old specimens; foramen large, circular, mesothyrid to permesothyrid; beak ridges strong, meeting the anterior half of the foramen; symphytium prominent, in some instances longitudinally corrugated; umbo narrowly swollen, the swelling continued anteriorly to the front margin in some specimens but terminating near the front in others. Sides and anterior slope steep.
Brachial valve moderately convex in lateral profile, with the maximum convexity slightly posterior to the middle; anterior profile broadly and fairly evenly convex, much less convex than the pedicle valve; umbo and median regions inflated; anterior third somewhat flattened.
Interior. Interior of pedicle valve with small dental plates. Brachial valve with fairly large, prominent cardinal process, strong socket ridges and fairly broad hinge plates; loop long, with slender descending lamellae, but a broad transverse ribbon with rectangular indentation facing the brachial valve. Discussion. This species is characterized by its elongate-oval outline, robust valves, considerable depth and large size, Yabe and Hatai (1935, p. 97 ) defined the species from a single fragment but this showed the generic characters very clearly and the fact that it was a large species. Specimens from several localities on Okinawa clearly belong to this species and give opportunity to redefine the species and figure nearly all of its details. It attains an unusually large size for the genus and is also unusual for its elongate form and great thickness.
Jolonica macneili Cooper, n. sp.
Plate 4, figures [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Small for the genus, elongate oval in outline; widest at the middle; sides rounded; anterior margin broadly rounded in the adult; anterior commissure rectimarginate; lateral commisure straight; surface smooth except for concentric growth lines and lamellae.
Pedicle valve moderately convex in lateral profile with the umbonal region narrowly rounded; anterior profile strongly convex; beak short, suberect; foramen round, mesothyrid; beak ridges strong, intersecting the foramen at its middle; median region strongly swollen; lateral slopes steep.
Brachial valve broadly convex in lateral profile, much less convex than the pedicle valve; posteromedian region inflated; anterior portion somewhat flattened.
Interior. Pedicle interior with small dental plates, short thick median ridge and elongate divergent diductor scars. Brachial valve with small cardinal process and delicate eardinalia; hinge plates small, septum slender, abruptly terminated anteriorly, not meeting the cardinal process posteriorly. Discussion. This species is quite different from J. ryukyuensis and is more suggestive of J. hedleyi. It differs from J. ryukyuensis in its smaller size, more slender profile, and less robust form, Jolonica macneili is a more slender and smaller species than J. hedleyi and is also proportionately somewhat longer.
Differences between the two species are apparent inside the valves. The elongate diductor scars of the pedicle valve are more deeply impressed in J. macneili despite the fact that it is the smaller species and the median ridge is more strongly developed. Inside the brachial valve the hinge plates attaching the socket ridges to the crural bases are wider in the Okinawa shell than in the modern form.
In selecting the holotype of J. macneili it seemed best to choose a specimen showing the ulterior details. Consequently the one selected has the matrix cleaned out of both valves. Thus the ulterior of the holotype is known except for the loop. The anterior margin of the holotype is not well preserved; consequently the measurements of length of both valves is approximate. This is the oldest known species of the genus.
This species is named in honor of F. Two specimens, both juveniles, are the only examples of this species in the collection from Okinawa. The species can be readily recognized by its subtriangular outline, broadly intraplicate anterior commissure and the long slender septum in the brachial valve. The septum extends from the beak anteriorly for fully % the length of the individual. This is a thin-shelled brachiopod; both specimens are crushed. The largest of the two specimens is 16 mm long, 12 mm wide near the anterior, and 8 mm thick. Shell about medium size for the genus; subquadrate in outline with the sides gently rounded and the anterior margin truncated; pedicle valve deeper than the brachial valve; anterior commissure rectimarginate(?); greatest width slightly posterior to the middle; surface smooth except for concentric lines of growth.
Pedicle valve with lateral profile gently convex; anterior profile broadly and moderately convex; beak suberect; foramen small circular, permesothyrid; symphytium completely exposed; umbonal and median regions strongly convex; sides steep.
Brachial valve gently convex in lateral profile and broadly but slightly convex in anterior profile; median region somewhat swollen; sides descending gently to the lateral margins.
Interior. Pedicle interior not known except for dental plates visible through shell. Brachial valve with delicate carduialia; hinge plate gently concave and supported by a slender median septum reaching almost to midvalve; postero-median part of hinge plate marked by a deep groove extending to the beak. Discussion. This species can be recognized by its square to somewhat longitudinally rectangular form. The interior is distinguished by the presence of dental plates in the pedicle valve, a concave hinge plate supported by the median septum in the brachial valve. All of the specimens are severely crushed. laqueus elongatus Cooper, n. sp.
Plate 3, figures [40] [41] [42] [43] [44] [45] Small for the genus, elongate-oval in outline; valves unequal in depth the pedicle valve the deeper; sides broadly rounded; anterolateral extremities narrowly rounded; anterior margin broadly rounded; greatest width at the middle; anterior commissure rectimarginate; surface marked only by concentric lines of growth.
Pedicle valve moderately convex in lateral profile with the maximum convexity located slightly posterior to the middle; anterior profile narrowly and strongly convex and with steeply sloping sides; beak small, pointed, suberect; foramen small, telate, permesothyrid; umbonal and median regions somewhat narrowly swollen; anterior third flattened and forming a long moderately steep slope; lateral slopes short and steep.
Brachial valve gently convex with the maximum curvature posterior to the middle; anterior profile broadly and moderately convex; umbonal and median [54] [55] [56] [57] [58] [59] [60] Small for the genus, longitudinally subelliptical to suboval in outline; length slightly greater than the width; widest at the middle; sides strongly rounded; posterolateral margins nearly straight forming an angle of about 90° with the beak; anterior commissure rectimarginate; valves subequal in depth; surface marked only by fine concentric lines of growth and strong growth lamellae.
Pedicle valve moderately convex in lateral profile but with the maximum convexity slightly posterior to the middle; anterior profile broadly convex, with long sloping sides; beak small, incurved, suberect; beak small, telate, foramen small and circular, mesothyrid; umbo narrowly swollen, the swelling continuing anteriorly as a narrow fold but lessening on the anterior slope.
Brachial valve moderately convex in lateral profile, broadly domed in anterior profile; median region inflated; umbonal and lateral slopes short and steep; anterior slope long and moderately steep.
Interior. Pedicle valve with strong dental plates. Brachial valve with strongly elevated socket ridges and deeply concave, undivided hinge plate supported by the high median septum. Discussion. This little species was found with specimens of Pictothyris and was at first mistaken for a young specimen of P. picta. It was only through the fortunate preparation of the interior of the specimen that its generic affinities were discovered. This specimen was at first thought to be the young of L. rubellus, but specimens of that species having a size comparable to the Okinawa specimen, have a much larger foramen and beak and have a different outline.
The exterior of the Okinawa shell suggests L. concentricus Yabe and Hatai but that species is larger and has a different outline. The shape and exterior surface of L. orbicularis, another species of small size, are unlike those of the Okinawa specimen. Laqueus pacificus Hatai is another small Laqueus but it is elongate-oval and quite different from the Laqueus from Okinawa. I know of no other species of small size to which this one may be compared.
This Laqueus is represented by a single specimen and is not named here because it may be the young of a larger species and because of the difficulty of separating it from young Pictothyris. It seems to have no exterior characters except the small, telate beak which will separate it from Pictothyris. Shell of moderate size, longitudinally elliptical to oval in outline; sides broadly rounded; anterior margin narrowly rounded; valves of subequal convexity; anterior commissure rectimarginate; lateral commissure straight; surface marked only by concentric lines of growth.
Pedicle valve with fairly even and moderate convexity in lateral profile; anterior profile strongly and somewhat narrowly convex and with steep sides; beak incurved, suberect; foramen moderately large, mesothyrid; beak ridges strong; umbo somewhat narrowly swollen, the swelling continued as a rounded ridge to about the anterior third, and indistinctly thereafter; flanks fairly steep.
Brachial valve fairly evenly convex in lateral profile but with the posterior half somewhat the more convex; anterior profile strongly convex but not so narrowly rounded medially as the pedicle valve; umbonal and median regions inflated; anterior third somewhat flattened; lateral slopes short and steep; anterior slope longer and less steep than the lateral ones. Discussion. This is a fairly common species on Okinawa; none of the specimens examined presents any unusual features. The specimens are slightly smaller than modern representatives of the species. Pictothyris is distinguished from Kikaithyris by its more slender outline and the less incurved beak with its large foramen. The foramen of Kikaithyris is small to minute.
Modern Pictothyris picta was collected at 20-80 fathoms (Hatai 1940 Large, longitudinally elliptical to subpentagonal in outline; greatest width at about the middle; posterolateral margins nearly straight, medial lateral margins narrowly rounded and anterolateral margins nearly straight and sloping medially; anterior margin narrowly rounded; anterior commissure rectimarginate or with a faint suggestion of sulcation; lateral commissure straight; valves about equal in depth; surface marked by concentric lines of growth, otherwise smooth.
Pedicle valve with lateral profile evenly and gently convex except for the umbo which is narrowly rounded; anterior profile narrowly humped in the middle but with the sides sloping moderately to the margins. Beak incurved, small, erect; foramen small to minute, mesothyrid; beak ridges strong; umbo narrowly swollen, the swelling continuing anteriorly as a narrow ridge nearly to the front margin where it becomes indistinct, flanks flattened, moderately steep.
Brachial valve somewhat more convex than the pedicle valve in lateral profile and with the maximum convexity in the posterior two-thirds, anterior third somewhat flattened; anterior profile somewhat broadly domed, slightly more convex than the pedicle valve in the same profile and not somewhat carinate as in the other valve; umbonal and median regions swollen; lateral and anterior slopes moderately steep.
Interior. Pedicle valve with large teeth buttressed by remnantal dental plates; median ridge low and short; diductor scars elongate, narrow. Brachial valve with thickened cardinalia; socket ridges massive and swollen; cardinal process large, median septum short and thick; loop with expanded crural bases, slender descending lamellae and broad transverse ribbon tied to the descending lamellae by broad struts. Discussion. This species is the most easily identified Okinawan brachiopod because of its large size, shouldered outline, and narrow anterior. It is readily distinguished from Pictothyris by its outline, the strongly incurved beak, and its minute foramen. This genus is common in the Ryukyft Islands and is known as far south as Formosa. It is not known in the modern fauna but is characteristic of late Pliocene or early Pleistocene assemblages.
Indeterminate brachiopods
The following localities yielded specimens too poor for generic identification: USGS 17452,17457,17497,17547, 17591, 17614, 17628. .....................................................,.......... 
